Abstract: This systematic review aimed to examine the associations between health-related outcomes and the built environment (BE) characteristics of compact metropolitan cities in Korea using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework. Searching the three Korean academic databases and PubMed, two independent reviewers identified 27 empirical articles published between 2011 and 2016. Data extracted for review included the study characteristics, the variables and measurement methods related to the BE and health-related outcomes, and the findings on the associations between the BE characteristics and health-related outcomes. Vote counting was used to assess the consistency of associations and the direction of associations between the BE characteristics and health-related outcomes. All of the reviewed studies used cross-sectional designs. The objective BE qualities were commonly examined. The BE characteristics associated with health-related outcomes in the reviewed articles included land use, street environment, transportation infrastructure, green and open spaces, and neighborhood facilities. Street environment, transportation infrastructure, and green and open spaces had consistent positive associations with physical health. Mixed land use and neighborhood facilities, however, had inconsistent associations with physical health. Generally, insufficient findings were reported in the association between the BE characteristics and mental and social health. The accessibility of the BE in a compact urban environment was the prominent attribute related to health promotion, health challenges, and health equity. An international comparative analysis of compact cities with different urban contexts and scale is required. Interdisciplinary urban health strategies are recommended based on the associations between the BE characteristics and health-related outcomes.
Introduction
As health promotion strategies targeting policy, system, and environment changes become more important, the built environment (BE) is becoming a key element of interventions [1] . The BE encompasses daily living environments created by people, including residential environments, transportation systems, food-related infrastructure, neighborhood parks, and green spaces [2] . The BE is familiar and relevant to urban residents and can be an environmental determinant of health.
In the Global Report on Urban Health, the World Health Organization (WHO) indicated the influence BE conditions have on public health, notably in the urban context [3] . This is because the BE is directly or indirectly related to urban problems, such as urban sprawl, urban crime, solid waste, energy
Materials and Methods

Search Strategy
This study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework for conducting and reporting systematic reviews [17] . The review included literature from 2011 to December 2016, after the establishment of the third Korean National Health Promotion Plan (Health Plan 2011 -2020 . For the first time, this national plan included strategies to create a healthy environment for public health promotion. Moreover, most of the relevant articles were published during this time period.
Eligibility
Studies were selected by applying the eligibility criteria of settings, study design, methods, and outcome measures. Inclusion criteria were: -Studies conducted in Korean metropolitan cities. -Studies that objectively (e.g., geographic information systems) or subjectively (i.e., survey, scale) measured the BE reported as independent variables. -Studies that objectively (e.g., medical examination) or subjectively measured health-related outcomes (e.g., symptoms, mortality, physical, mental, and social functioning, perceived health status, health-related behaviors) [18] . -Peer-reviewed and fully published articles. -Published articles written in Korean or English.
Exclusion criteria were: -Studies that objectively or subjectively measured indoor facilities and working facilities reported as independent variables. -Studies that objectively or subjectively measured the natural environment (i.e., non-man-made physical environment) reported as independent variables. -Systematic reviews. -Qualitative studies. -Studies conducted to develop the BE measuring instrument that does not analyze the correlation with health. -Descriptive studies with only bivariate analysis.
Information Sources and Search Terms
Between February and June 2017, we conducted literature searches in three Korean academic databases (DBpia, KISS, and Riss4U) and PubMed. The search terms were identified from previous related reviews [19] and the following terms were used to search for relevant articles: 'South Korea' AND ('built environment' or 'urban environment' or 'neighborhood environment' or 'physical environment') AND ('health' or 'physical health' or 'mental health' or 'social health' or 'health-related behavior' or 'health promotion'). We excluded urban form from the search because it is a broad concept that includes urban size, density, shape, structure, and configuration of settlements [20] .
Data Extraction
Data extracted included the characteristics (i.e., publication year, author disciplines, study location, participants, sample size, sampling method, data source, analysis method), the BE variables and measurement methods, health-related variables and measurement methods, and significant and non-significant findings on the correlation between the BE characteristics and health-related outcomes.
To include all the BE variables across studies, we listed and categorized each variable and construct of the BE characteristics (i.e., land use, street environment, transportation infrastructure, green and open spaces, and neighborhood facility) ( Table 1 ). The BE measurement methods were classified as (1) methods of measuring objective BE qualities and (2) methods of measuring the perceived environment of urban residents. Absolute (e.g., number, area, width, length, distance), relative (e.g., ratio, density, percent), and composite (e.g., accessibility, connectivity, entropy, which combine more than one measures/indices) measurements were evaluated as objective BE qualities. The attributes of perceived environment were identified from previous related studies [21] , and we categorized the perception of the BE into accessibility, aesthetics, safety, convenience, and pleasantness. 
Synthesis of Results
Vote counting was conducted to summarize the number of studies reporting significant and non-significant findings and the direction of the associations between the BE characteristics and health-related outcomes. The Cochrane handbook indicates that vote counting may be useful when statistical meta-analysis cannot be applied due to the heterogeneity of measured outcomes [22] .
In order to clarify the direction of association, we classified the findings as positive (i.e., OR > 1, β > 0) or negative (i.e., OR < 1, β < 0) as a result of the direction of health promotion. The consistency of associations between the BE characteristics and health-related outcomes was determined by five studies or more that reported significant findings to sufficiently indicate consensus [23] (i.e., < 5 studies were classified as "none"). Selected correlates included in ≥5 studies were presented graphically to show n-studies reporting a positive, negative, or non-significant association between the BE characteristics and health-related outcomes. "Consistent association" was defined as 75% to 100% of the significant findings reporting the same direction within the BE characteristics (c.f. <75%: "inconsistent association") [23] .
Results
Study Selection
In the first PRISMA stage, 1077 articles were selected ( Figure 1 ). Of these, 1069 were identified through database searches and eight additional articles were found by searching the reference lists of retrieved studies. In the second stage, 469 duplicate articles were excluded, and two researchers crosschecked the titles and abstracts of the remaining 608 articles. We excluded 573 articles not involving Korean metropolitan cities and/or not analyzing the relationship between the BE and health. In the third stage, we read the full text of the 35 remaining articles and confirmed their eligibility. In the final stage of full text review, 27 articles were selected for analysis. We assigned reference codes for the 27 articles by year of publication and alphabetical order of first author's name for use in Tables 2-4. Sampling classification: Non-probability = convenience sampling, purposive sampling, and quota sampling; Other = complete enumeration sampling; Probability = random sampling, cluster sampling, stratified sampling, and systematic sampling. b Data classification: 1 = primary data; 2 = secondary data. Social participation [43] Social reciprocity [42, 43] Social trust [42, 43] a Indicator includes walking for the purposes of recreation and travel.
Study Characteristics
The number of publications has increased in recent years. Researchers represented 12 fields of study, primarily urban planning and design (39%). Some studies (14%) involved researchers from two disciplines. Only three studies were conducted by public health researchers (11%). Overall, Korean studies tended toward a mono-disciplinary approach from the perspective of urban planning rather than public health.
All studies used a cross-sectional design. The research setting was as follows: 67% in the capital city, 22% in the metropolitan cities, and 11% in both. More than half the studies (56%) had participants of specific age groups, including adolescents (15%), adults (22%), and the elderly (19%), and 44% had participants of all ages. One study [31] used complete enumeration sampling, 59% of the studies used probability sampling, and 37% used non-probability sampling. Primary data were collected via surveys in 52% of the studies, while the rest used secondary data from healthcare, welfare, administration, and culture and sports institutions. About 48% of studies measured objective qualities, 37% measured the perceived environment, and 15% measured both. To examine the relationships among variables, 37% used regression analyses, 33.3% used multi-level analysis or hierarchical linear models to analyze multi-level models, 22.2% used path analysis or structural equation modeling, and two studies used correlational analysis (Table 2) . 
Health Variables Related to the Built Environment
Health-related variables were classified according to the physical, mental, and social health domain. Most studies (81%) used physical health-related variables to examine the relationship between the BE and health, including health-related behaviors, illness or death, and perceived health status. The health-related behaviors included moderate or high intensity physical activity, walking, sedentary behavior, and dietary behavior, with walking being the most common [29, 32, 38, 40, 41, 45, 46] . Obesity, allergic disease, and mortality were associated with the BE, and several studies reported a correlation between obesity and the BE [26] [27] [28] 35, 40, 44, 48] . Body mass index (BMI) was measured in all studies examining obesity; most studies used the WHO Asia-Pacific regional obesity criteria (BMI ≥ 25). Perceived health status was a variable to identify subjective satisfaction with physical health [33, 34, 39, 49] . The physical health-related variables for physical activity, walking, obesity, and perceived health status had more than four studies.
About one-fifth (19%) of the studies examined the relationship between the BE and mental and social health. The mental health-related variables included prevalence of mental illness and levels of depression, stress, and self-esteem. Of these, depression was used in four studies as a measure of mental health [25, 28, 30, 37] . The social health-related variables were the social activity level, including frequency of social activity, perception of social trust, networks, reciprocity, and social participation among local residents. Only three studies examined the relationship between the BE and social health [25, 42, 43] and two studies [42, 43] , in particular, included more social health variables (Table 3) .
Associations between the Built Environment Characteristics and Health-Related Outcomes
We investigated the associations between the BE characteristics and health-related outcomes. As noted earlier in Table 1 , the BE characteristics were classified as objective or perceived, and the health-related outcomes were grouped into the physical, mental, and social domains (Table 4) .
Associations between Land Use and Health-Related Outcomes
Mixed land use had an inconsistent association with physical health ( Figure 2) ; five out of nine (56%) studies indicated that mixed land use for residential, commercial, and work purposes had a positive effect on physical activity promotion by inducing walking for the purposes of leisure and travel [28, 38, 40, 46, 48] . However, air pollution was higher in areas with high ratios of mixed land use, thus increasing the risk of asthma for residents [47] . Additionally, there was no association between mixed land use and obesity [26, 27] , and perceived health status [33] . Non-consistent associations were found between mixed land use, mental health, and social health [28, 43] . Mixed land use had a non-significant association with depression [28] , and only one study [43] reported a positive association between mixed land use and social interaction.
Associations between Street Environment and Health-Related Outcomes
Pedestrian-friendly environments had a positively consistent association with physical health (6/6 = 100%, Figure 3) . The higher ratio of pedestrian sidewalk area, crosswalks, and intersections were correlated with the increased walking for exercise and reduced obesity [38, 40] . The density of intersections was highly related to the frequency of walking because of the smaller number and lower speed of automobiles and increased street connectivity [38] . The safety, accessibility, pleasantness, and aesthetics of the street environment were correlated with increased walking and perceived health status [32, 34, 41, 49] . Of these, the safety and accessibility of the street environment were the prominent attributes affecting the mobility of vulnerable groups (e.g., older adults and children). Although positive associations between the street environment and mental health and social health were reported, the consistency of associations was not determined based on only three studies [25, 37, 43] . The pleasantness of the street environment was correlated with reduced depression and increased social interaction and participation [37, 43] . Pleasant streets were an attractive place in the community, providing pedestrian emotional ventilation and opportunities for social interaction.
Associations between Transportation Infrastructure and Health-Related Outcomes
Transportation infrastructure had a positively consistent association with physical health (9/12 = 75%, Figure 4 ). The higher density and larger number of public transportation facilities, longer length of bicycle roads, and shorter distance from public transportation facilities were correlated with increased moderate or vigorous physical activity and walking, and reduced obesity [26, 27, 33, 38, 40, 48, 50] . In the current review, the average density of public transportation facilities that induce walking was 19.64/km 2 , and the average distance between them was 0.24 km. However, the larger number of automobile registrations and parking lots, and higher connectivity of roads and speed of vehicles had negative associations on physical health [31, 44] . Residents living in urban communities with more vehicles and road connections had higher rates of obesity and lower walking and physical activity frequency.
No studies examined the association between transportation infrastructure and mental health. Although positive associations between public transportation facilities and social health was reported [25, 43] , the number of such studies did not meet the criteria for determining the consistency of associations. The higher accessibility of public transportation facilities was correlated with increased social interaction and participation [43] . In an urban environment where public transportation was highly accessible, time pressure and psychological burden on social interaction decreased. 
Associations of Green and Open Spaces with Health-Related Outcomes
Green and open spaces had a positively consistent association with physical health (11/13 = 85%, Figure 5 ). The higher ratio of parks and green areas in the urban community was correlated with increased physical activity in parks and reduced obesity [26, 27, 31, 36, 40, 48] . The shorter distance from residences to parks and green areas and higher accessibility to park were correlated with increased physical activity of local residents [28, 48, 50] . However, the criteria for buffers when measuring the accessibility of parks from residential areas varied across studies. The buffers ranged from 200 to 400 m. Since the distance between neighborhood parks in Korean cities is legally set at 500 m or less (In Korea, the definition of Neighborhood park is a park that is established for the purpose of contributing to health promotion, recreation and emotional life of neighboring residents. Therefore, the distance between neighborhood parks is set by law so that neighboring residents can walk less than 500m and the area is more than 10,000 square meters.), the buffer is generally determined within 500 m. The safety, convenience, accessibility, pleasantness, and aesthetics of green and open spaces were correlated with increased physical activity and walking for leisure [24, 41, 45] . There were only two studies examining the association between green and open spaces and mental health, and the significance of the findings was inconsistent according to the variables used. Although the area of parks and green spaces was not correlated with depression [30] , the shorter distance to parks and green spaces was correlated with reduced stress [40] . Only one study quantified the association between green and open spaces and social health. In the study, the pleasantness of neighborhood parks strengthened the social function as a gathering place for people [42] .
Associations between Neighborhood Facilities and Health-Related Outcomes
Neighborhood facilities had an inconsistent association with physical health (7/10 = 70%, Figure 6 ). The higher density, shorter distance, and larger number of neighborhood facilities, such as welfare centers, schools, restaurants, stores, hospitals, and surveillance, were correlated with increased walking, and reduced obesity and sedentary behaviors [29, 40, 48, 50] . Furthermore, the safety, accessibility, and aesthetics of the neighborhood facilities were correlated with increased moderate or vigorous physical activity, walking, and perceived health status [24, 29, 39, 41, 50] . However, the food environment promoted walking for travel but also acted as a risk factor for obesity [26, 35] . The larger number of fast food restaurants and convenience stores per unit area was highly correlated with increased obesity of local residents, not only because of physical access but also because of 24-h access. Neighborhood facilities had positive associations with mental health and social health, but the consistency of associations was not determined (two mental health studies, three social health studies). The higher density and shorter distance of welfare centers were correlated with reduced depression [25] . Perceiving sport facilities and stores as convenient and pleasant had a positive effect on reducing depression [37] . Additionally, the level of social interaction, social trust, and social reciprocity increased the more urban residents perceived their neighborhood facilities as safe and accessible [25, 42, 43] .
Discussion
This systematic review has clarified the association between the BE and health in compact metropolitan cities. Empirical research on the BE and health in Korean metropolitan scale cities has been conducted primarily in the fields of urban planning and urban design. All studies reviewed were cross-sectional. Among the studies using secondary data, none conducted detailed spatial unit analyses at the community level, which Lee [16] considered a data limitation because the space units did not fit between the secondary environmental data and secondary health data. It is recommended that urban health researchers construct time series data, adjust spatial units of data between public health and urban environmental research, and apply more robust research designs.
The BE characteristics that affected health were land use, street environment, transportation infrastructure, green and open spaces, and neighborhood facilities, which aligns with previous studies [51] . The BE variables were measured in terms of the objective or perceived environments, with the objective variables being more commonly examined. However, recent studies have shown that health behaviors are decisions made through comprehensive evaluations combining both the objective and perceived environment [52, 53] . Understanding health behaviors according to the perceived environment has also been emphasized in health promotion strategies [54] [55] [56] . Using multi-method qualitative research and mixed-methods research can provide greater evidence of the association between the perceived environment and health [21] .
The health-related outcomes in the included studies focused on physical health, with few studies including the mental and social health domains. This result supports previous findings suggesting associations between the BE and health lacked an integrated view of health and multi-domain considerations [16] . To overcome this limitation, interdisciplinary discussions and knowledge sharing on the perspectives, concepts, indicators, and measurement methods of urban health research are necessary. Furthermore, international comparative studies may be conducted to consolidate evidence on the health-related variables most affected by urban environmental characteristics. Based on this evidence, an urban health promotion framework can be developed that includes integrated indicators of urban environment characteristics and health-related outcomes.
In previous studies, mixed land use has been reported to be a key strategy for compact city policies that contribute to reduced obesity and promote physical activity [57, 58] . However, our findings support that mixed land use has a dual impact on health. Mixed land use increased physical activity and social interaction, but also increased the risk of asthma in children. Some studies have also shown that mixed land use was not associated with obesity and mental health [26] [27] [28] . This suggests that the effect size and direction of mixed land use on health may be affected by what the types of land use are mixed. There is a need for legal and administrative actions to review and modify land use plans in terms of health promotion.
Pedestrian-friendly environments promote walking and social activities of urban residents. In particular, safety and accessibility were important attributes of the pedestrian-friendly environment [32, 34, 41, 43, 49] . Korean metropolitan cities are in the process of transitioning from car-oriented cities to pedestrian-friendly cities, and mixed urban spaces shared by vehicles and pedestrians still remain because of space efficiency [59] . Traffic congestion due to mixed urban spaces was a major risk factor, especially for pedestrian accidents involving children and the elderly. To address these issues, the Korean government has introduced pedestrian zoning and pedestrian-only street design as strategies to create a safe and accessible street environment for pedestrians. However, according to Congiu et al. [60] , the urban elements for separation between pedestrian and vehicle areas in a congested traffic environment could interfere with the mutual visibility of pedestrians and vehicles, increasing pedestrian accidents. Urban planning can be established to have a rational street network so that zoning and equipment, which separates the vehicle and pedestrian, do not cause traffic accidents and traffic congestion.
Safety and accessibility can serve as factors for cities to stay active for 24-h, but they can lead to negative health outcomes. Koo et al. [61] pointed out that safe and accessible street environments with high outdoor artificial light at night increase the nighttime activity of urban citizens, which has a negative effect on sleep duration and obesity. This is an urban environment context that has not yet been fully discussed. Urban health research needs to consider analyzing the correlation between health and the street environment.
In our study, transportation infrastructure has been found to be associated with the promotion of physical and social health through public transportation and bicycle use; whereas, automobile use has a negative impact on physical activity and community safety. These findings support the health promotion effect of active transportation that restrains the use of vehicles and promote the use of bicycle and public transportation [62, 63] . In addition, we found that the distance of approximately 200 m or the duration of 5-to 10-min on foot between the public transportation and residential areas encouraged walking for travel in a compact urban environment. However, in a study conducted in a non-compact urban environment, public transportation has been recommended to be within a 10-to 15-min walk on foot, or about 400 to 800 m [64] . This suggests that the perceptions of "far" and "close" may be different in the urban form, which can affect walking and patterns of urban mobility.
We found that the proportion of parks and green spaces was associated with physical and mental health. However, if the green area of the city is excessively large, it would interfere with spatial connectivity and have a negative effect on physical, social, and mental health. This supports the hypothesis that open spaces only promote walking up to a certain size threshold [65] . Some studies in the current review have found that the perceived environment of green and open spaces is not directly related to physical health. Green and open spaces are enjoyed as background spaces for residences but may not be used as places of physical activity. Giles-Corti et al. [66] suggested that devising attractive and engaging activities with various purposes for users might help green and open spaces to be community assets for health promotion. When designing green and open spaces, it is necessary to develop spatial awareness and to promote the physical activity of residents by improving the quality of the space and diversifying spatial functions.
When neighborhood living facilities are safe, close and convenient to use, outdoor activities are frequently performed, opportunities for social relationships increase, and depression decreases. In terms of equitable utilization of community assets, physical and economic accessibility and the spatial distribution of neighborhood facilities are related to health equity. This suggests that the strategic utilization of neighborhood facilities as a daily life condition for local residents can lead to the social participation of vulnerable groups and physical health promotion [67] . In our study, the food environment in neighborhood facilities has been reported to have inconsistent associations with health. Although it has promoted walking and social relations, the development of 24-h restaurants and convenience stores has increased the obesity rate in compact metropolitan cities. It is recommended for researchers to consider that BE characteristics might have contradictory effects on health depending on the nature and context of the urban environment.
Overall, we found that BE characteristics in compact metropolitan cities associated to health-related outcomes had accessibility as a common attribute. The accessibility of the BE contributed to health promotion in terms of resource availability. Urban planning and policies for compact cities positively affected walking for travel and physical activity, and promoted social interactions and networks [24] [25] [26] [27] [28] [29] 36, [38] [39] [40] [41] [48] [49] [50] . In addition, parks and green areas relieved stress through their utilization and significantly influenced mental health through their close proximity [40] .
However, the accessibility of the BE produced some health challenges: 24-h facilities near the residential area increased fatigue and the obesity rate of residents by increasing their nighttime activity and chances of eating later in the evening [26, 35] . Mixed traffic streets accessible to both vehicles and pedestrians contributed to an increased risk of conflicts and accidents between pedestrians and motorists [31, 44, 50] , and mixed land use was a risk factor for asthma [47] .
The accessibility of the BE is an important health equity issue. Areas with a low density of public transport and neighborhood facilities tended to worsen the physical, mental, and social health of the residents. In urban areas with low access to the BE, physical activity and walking decreased, obesity increased, and residents had difficulty maintaining and forming social relationships [25, 42, 43] . These health equity issues had a greater impact on vulnerable groups, such as children and the elderly. As the accessibility of the BE decreased, vulnerable groups became less healthy because of the increased cost and effort burdens required to engage in healthy behaviors and social relationships [25, 35, 37, 47, 50] .
The association between the BE and health studied in the Korean metropolitan cities with a compact urban environment was mostly consistent with that found in urban health research conducted at other urban scales. However, there were differences for some health-related outcomes, the criteria for spatial accessibility, and the BE variable of density. These differences were attributed to the dense and complex urban structure of Korean metropolitan cities and the manner in which the decision-making of health behavior interacts with the perceived environment. Therefore, health promotion strategies aimed at environmental change should consider the environmental specificity and the attributes of the perceived environment related to health behaviors.
Because this study only examined studies published in peer-reviewed journals, high-quality research published outside of peer-reviewed journals was included in the results. This review was limited to studies published from 2011 to 2016, and some studies might have been left out of the review because of the limitations of the search terms, search criteria, and search databases used. Additionally, quality assessment was not conducted, and all the included studies used cross-sectional designs. The causal assumption and true effects are difficult to determine by synthesizing results from cross-sectional studies.
Despite these limitations, due to a systematic review by following PRISMA, the consistency and direction of findings across studies reviewed were rigorously examined. We also identified the BE variables and measurement methods, and health-related variables and measurement methods. These results strengthen the existing evidence for the associations between the BE and health and provide research design and methodological implications for future research on the BE and health.
Conclusions
This study systematically examined the associations between the BE characteristics and health-related outcomes in compact metropolitan cities in Korea and identified the health benefits and risks of the particular BE characteristics in such cities. All of the reviewed studies were cross-sectional, the study methods and measurement tools varied, and there was insufficient evidence for the associations between the BE characteristics and social and mental health. Future research is called for to focus on the impact of BE characteristics on mental health and social health in a compact urban context, and to use theoretically sound longitudinal designs.
Interdisciplinary urban health strategies are required based on the associations between the BE characteristics, health-related outcomes, and the environmental context. Evidence for the associations between the BE characteristics and health-related outcomes in compact metropolitan cities may provide a greater understanding of the health effects and health behaviors of urban development for compact cities in other countries. A comparative analysis with international studies would contribute to further planning for rational urban development. 
